Spleen cells from mice immunized with starch branching enzymes were fused with cells from the mouse myelomna Sp2/0-AG14 cell line to form hybridomas. Those hybridomas producing antibodies against the branching enzyme were screened by the enzyme-linked immunosorbent assay using purified branching enzyme as the antigen. Three monoclonal cell lines (1AID7, IAIC3 and 4D2A9D8) were found to produce antibodies which showed positive enzyme-linked immunosorbent assay reactions with maize branching enzyme I in addition to branching enzymes IIa and Ilb. Three other monoclonal cell lines (4D2D10, 4D2F9, and 2A6C12) were also selected which were found to produce antibodies showing positive enzyme-linked immunosorbent assay reactions with branching enzymes Ila and lIb only.
amylopectin fraction of starch is considered to be catalyzed by the plant branching enzyme (EC 2.4.1.18). The enzyme has been shown to modify the developing a-1,4-polyglucan by hydrolysis of an a-1,4 bond, and subsequent transfer of the excised a-1,4-glucan chain to the remaining or another a-1,4-glucan chain with formation of an a-1,6 bond. This transfer creates branch points as well as additional nonreducing ends where further synthesis of a-1 ,4-glucan chains can occur.
Starch branching enzyme has been reported to be present in multiple forms in spinach (9) and in normal starchy maize endosperm three different forms of branching enzyme (I, Ila, and Ilb) have been reported (2) . These three forms of branching enzyme were separable using DEAE-cellulose chromatography and could be distinguished by the ratio of activity using two different assay procedures. Immunological differences between these enzymes using polyclonal rabbit antiserum have also been reported (7) .
In order to explore this further, the three branching enzymes from maize were purified to homogeneity and characterized on the basis oftheir immunological properties, using both polyclonal and monoclonal antibodies, on their amino acid composition and by comparison of the peptide maps after proteolytic digestion. It is hoped that these characterizations ofthe multiple forms of maize branching enzyme will help in determining their possible genetic relationships.
MATERIALS AND METHODS Protein Samples. Starch branching enzymes I, Ila, and lIb were purified according to previously described procedures (2) . It was necessary to further purify branching enzyme I in order to obtain homogeneous enzyme preparation which was achieved by further chromatography using DEAE-cellulose (DE 53) as described in "Results."
Assay of Maize Branching Enzymes. The basis of the assay is the stimulation by branching enzyme of the synthesis of a-Dglucan from a-D-glucose-1-P catalyzed by rabbit muscle phosphorylase. The mixture contained, in a volume of 0.2 ml, 0.1 M sodium citrate (pH 7.0), 1 mm AMP, 50 mm a-D-(['4Cglucose-l-P (5.0 x 104 cpm/,umol), 480 g of crystalline rabbit-muscle phosphorylase a, and branching enzyme. The reaction was initiated by addition of a-D-glucose-l-P and incubated at 30C. Aliquots were taken out at 60, 90, and 120 min and incorporation of label into the glucan was assayed as previously described (9) . One unit of enzyme activity is defined as 1 ,mol of D-glucose incorporation into a D-glucan per min under foregoing conditions.
Protein Determination. Proteins were assayed by the method of Lowry et al. (12) .
Electrophoresis. Slab gel electrophoresis in the presence of SDS was performed in 9% polyacrylamide gels as described by Neville ( 13) . Various standard proteins were used in the estimation of the mol wt of the branching enzyme subunit. Protein bands were located by staining with Coomassie blue (4).
Location of Branching Enzyme Activity in Polyacrylamide
Gels. Native gel electrophoresis was performed on 6% polyacrylamide gels with the Ornstein-Davis Tris-glycine buffer system (6, 14) which included 5 mm 1,4-DTT. Gels were quick-frozen in powdered dry ice and sliced in 1-mm sections. Every two consecutive sections were combined and 0.5 ml of 50 mM Trisacetate buffer (pH 7.5) containing 10 mM EDTA and 2.5 mM DTE was added. The sections were macerated and incubated for several h at 0°C. Branching enzyme activity was measured as described above. Protein bands in the parallel lane were located by staining with Coomassie blue as described above.
Immunization of Mice. The in vivo immunization protocol used here is a modified method described by Vaitukaitis et al. (17) (Fig. 2) . A positive reaction was found with all three maize starch branching enzymes, the reaction of branching enzyme I being the highest. Peak absorbance for branching enzyme IIa or Ilb was about 3-to 5-fold lower than that of branching enzyme I. E. coli glycogen branching enzyme also reacted positively and the peak absorbance was even higher than that of branching enzyme I. Neutralization of starch branching enzyme activity with branching enzyme I antiserum was also performed (Fig. 3) . The activity of branching enzyme I was inhibited by more than 85% with its own antiserum. The amount of antiserum required for 50% inhibition of branching enzyme I activity was 3 ,l/unit of activity for this enzyme. Branching enzyme Ila or IIb, however, showed no inhibition of activity at all.
Reaction of Antibranching Enzyme IIa + IIb Serum with Starch Branching Enzymes I, Ila, or Ilb and E. coli Glycogen Branching Enzyme. Antiserum produced against a mixture of starch branching enzyme hIa and lIb was also tested against the starch branching enzyme from maize and glycogen branching enzyme from E. coli using an ELISA assay. All the enzymes reacted with the serum (Fig. 4) of branching enzyme IIb, and the reaction of branching enzyme I was 5-and 7-fold lower than that of branching enzyme IIa and Ilb, respectively.
Both branching enzyme Ila and IIb activity were neutralized by antibranching enzyme Ila + IIb serum (Fig. 5) . Branching enzyme Ila required 4 ,ul of antiserum per unit of enzyme for 50% neutralization of enzyme activity. Branching enzyme IIb required 20 Ml of antiserum per enzyme unit for 50% neutralization of enzyme activity and this antiserum was ineffective in neutralizing the activity of branching enzyme I. Reaction of Antiglycogen Branching Enzyme Serum with Starch Branching Enzymes I, Ila, or Ilb and E. coli Glycogen Branching Enzyme. Serum collected from rabbit given an injection ofglycogen branching enzyme from E. coli reacted positively with all three starch branching enzymes from maize (Fig. 6 ). Plant Physiol. Vol. 79, 1985 cell lines lAlD7, lAlC3, and 4D2A9D8 (Figs. 7, A and B , and 8A) reacted with all three branching enzymes whereas monoclonal antibodies obtained from cell lines 2A6C12, 4D2D10, and 4D2F9 (Figs. 8B, 9A and 9B) reacted with branching enzyme IIa and Ilb only; BE I did not show any reaction at all. The magnitude of reactions with BE Ila or Ilb was the same using monoclonal antibodies from cell line 4D2A9D8 (Fig 8A) . Antibodies from other cell lines showed small differences.
Neutralization ofbranching enzyme activity using monoclonal antibodies from these cell lines were also performed. Monoclonal antibodies from cell line 1 Figure 10 show that branching enzyme I (Fig. 1OA) (Fig. 10 , B and C) in terms of both the number of peptides and their retention times. Branching enzyme I produced over 60 peptides whereas branching enzymes Ila or IIb had about 50 peptides. There appears to be no significant difference in the number or retention times of the peptides produced by trypsin digestion of branching enzymes Ila and Ilb.
In order to attempt to demonstrate differences between branching enzymes Ila and Ilb, a second proteolytic enzyme, chymotrypsin, was used and generation of peptides at different time intervals was followed. No differences between the peptide maps of branching enzymes Ila and IIb were observed at the different times of incubation (Fig. 1 1) . The (Fig. 4) and vice versa (Fig. 2) (2, 3) .
Maize kernels appear to contain only two types of branching enzyme, branching enzyme I and II. Both branching enzymes IIa and Ilb react with the antibodies, both polyclonal and monoclonal, to about the same degree (Figs. 2 to 5, 7 to 9 ). There are no major differences in their amino acid composition (Table I) . The peptide maps generated after digestion with trypsin were exactly the same for the two enzymes (Fig. 10) . A time-course study of the generation of peptides after chymotrypsin digestion also shows identical peptide maps at each digestion time suggesting that both branching enzymes Ila and IIb are identical.
Previous studies also indicate similarities between them in the mol wt, Km for the substrate, and affinities to bind with DEAEcellulose and aminobutyl Sepharose columns (2) . The differences between these enzymes on the basis of their elution from DEAEcellulose and aminobutyl Sepharose columns at different salt concentrations may possibly be due to the differences between these enzymes in the amounts of glucan noncovalently bound to them. Although the maize mutant, amylose extender, has been suggested to be the structural gene for branching enzyme Ilb (3, 10) , the differences observed in those cases may arise from the differences in the amounts and type of glucan associated with the branching enzyme II forms because of the alteration in the starch structure brought about by the mutation. Further studies are certainly required to establish whether distinct structural genes or duplicate structural genes are needed for expression of the branching enzymes hIa and IIb.
The immunological similarity of E. coli B glycogen branching enzyme and starch branching enzymes is an interesting observation. Reaction of E. coli glycogen branching enzyme with starch branching enzyme I antiserum and starch branching enzyme Ila + IIb antiserum was even greater than the reaction with the enzymes against which these antisera were obtained (Figs. 2  and 4 ) which is an interesting observation. This homology suggests that branching enzyme is a highly conserved protein and some of the antigenic determinants appear to be common in proteins from both prokaryotes and eukaryotes. However, the amino acid composition of the E. coli enzyme is significantly different from that observed for the maize isozymes (1 1) .
